Background Male breast cancer is rare, as it represents less than 1% of all breast cancer cases. In addition, male breast cancer appears to have a different biology than female breast cancer. Programmed death-1 (PD-1) and its ligand, programmed death-ligand 1 (PD-L1), seem to have prognostic and predictive values in a variety of cancers, including female breast cancer. However, the role of PD-1 and PD-L1 expression in male breast cancer has not yet been studied. Objectives To compare PD-1 and PD-L1 expression in male breast cancer to female breast cancer and to evaluate prognostic values in both groups. Patients and Methods Tissue microarrays from formalin-fixed paraffin-embedded resection material of 247 female and 164 male breast cancer patients were stained for PD-1 and PD-L1 by immunohistochemistry.
Introduction
Male breast cancer is rare and represents less than 1% of all breast cancer cases. Consequently, less is known about men with breast cancer compared to women with breast cancer. Generally, male breast cancer has a more advanced stage, a lower tumor grade, and is more often estrogen/progesterone receptor (ER/PR)-positive compared to female breast cancer [1] [2] [3] [4] [5] . Due to conflicting data in the literature, it is unclear if men with breast cancer have a different survival outcome than women [6] . As a result of this limited knowledge of male breast cancer, treatment options for this cancer type are mainly based on treatment strategies for postmenopausal women with breast cancer [1, 6] .
Currently, programmed death-1 (PD-1) and its ligand, programmed death-ligand 1 (PD-L1), are raising much interest for cancer treatment. PD-1 is an immune checkpoint that blocks T cell function by binding PD-L1. Upregulation of PD-1 on tumor-infiltrating lymphocytes (TILs) or expression of PD-L1 on tumor cells have been observed in breast cancer [7] [8] [9] [10] [11] [12] [13] and in a variety of other cancer types, including lung [14] , melanoma [15] , kidney [16, 17] , bladder [18] , and ovarian cancer [19] . Prognostic and/or predictive values have been suggested in breast cancer, although these results are variable [7] [8] [9] [10] [11] [12] [13] . Furthermore, the levels of expression of PD-1 and PD-L1 seem to vary between molecular subtypes, with higher expression of PD-L1 in triple-negative breast cancer (TNBC) compared to non-TNBC [20, 21] . Trials for immunotherapy with checkpoint inhibitors have therefore mostly been focused on TNBC, which have shown promising results [22] .
Since male breast cancer seems to have a different biology than female breast cancer, PD-1 and PD-L1 expression may also vary. Considering that male breast cancer is predominantly of the ER-positive luminal type [4] , PD-1 and PD-L1 may be less frequently expressed in breast cancer in men, with possibly different prognostic values and response to treatment with checkpoint inhibitors.
Since there are no published studies on PD-1 and PD-L1 expression in male breast cancer, we evaluated the expression of PD-1 and PD-L1 in tumors of men with breast cancer, compared expression frequency to female breast cancer, and evaluated prognostic values.
Materials and Methods

Patients and Samples
We retrospectively collected tissue blocks and clinicopathological data of 256 consecutive female breast cancer patients who were operated on between 1991 and 2007. In addition, 176 tissue blocks of male breast cancer patients undergoing surgery between 1986 and 2010 were also collected. The female cohort was unselected for familial genetic predisposition (Bsporadic^) and derived from the Department of Pathology, University Medical Center Utrecht (UMCU), The Netherlands. The male breast cancer tissue blocks were gathered from different pathology laboratories throughout The Netherlands and Germany as described before [2] [3] [4] . Anonymized clinicopathological data [age, tumor size, histology, grade (according to the modified Bloom and Richardson score [23] ), lymph node status, and surrogate molecular subtype based on hormone receptor status (ER/PR status was assessed according to the Dutch guidelines with a cut-off of 10% and HER2 was scored according to the ASCO/CAP guidelines)] for both groups were extracted from digital reports or revised by a pathologist specialized in breast cancer (P.v.D.). Anonymized follow-up data were obtained through the Comprehensive Cancer Center of The Netherlands. According to Dutch legislation, which uses an Bopt-out^system, the use of leftover material requires no ethical approval or informed consent if used anonymized for scientific purposes [24] . Additionally, the Institutional Review Boards of the UMCU and the University of Muenster, Germany, approved this study.
Tissue Microarray and Immunohistochemistry
Tissue microarrays (TMAs) had already been prepared for previous studies [4, 25] , by taking three cores of 0.6 mm from formalin-fixed paraffin-embedded (FFPE) tissue blocks. Of these blocks, 4-μm tissue sections were cut and then immunohistochemically stained for PD-1 and PD-L1 with the Ventana autostainer (Roche, Tuscon, AZ, USA), according to the instructions of the manufacturer. For PD-1, we used the mouse anti-PD-1 monoclonal antibody (ab52587/ NAT105, dilution 1:50; Abcam, Cambridge, UK) and for PD-L1, a rabbit anti-PD-L1 monoclonal antibody [741-4905 (clone sp263, dilution Ventana ready to use; Ventana Medical Systems, Tuscon, AZ, USA)]. ER (Ventana 1:100), PR (Dako 1:100), and HER2 (Neomarkers 1:100) were also stained with the Ventana autostainer.
Assessment of PD-1 and PD-L1
Scoring of the immunohistochemically stained slides was performed by consensus of two experienced observers (P.v.D. and Q.M.), in random order and blinded to other data. PD-1 was considered positive in cases of any membranous staining of TILs, while all other cases were considered as negative. For PD-L1, positivity on both tumor cells and immune cells was scored individually. To score PD-L1 on tumor cells, the percentage of positive membranous staining was estimated. PD-L1 on immune cells was considered as positive in case of any membranous staining of immune cells (lymphocytes or macrophages). To verify representativeness of the TMAs, we compared the tumor PD-L1 TMA scores of ten patients to scores on whole slides. For half of the tumors, we observed complete agreement. The other half of the tumors showed only minimal differences.
Statistics
Statistical analyses were performed with IBM Statistics 25. Differences in clinicopathological variables between male and female breast cancer were calculated using the independent samples t-test, Pearson Chi-square test, and Fisher's exact test. To compare PD-1 and PD-L1 expression between both groups, the Pearson Chi-square test was performed. For survival analysis, Kaplan-Meier curves were plotted and compared with the log-rank test. Cox regression was used for multivariate analysis. Significance level was set at p < 0.05.
Results
Patient Characteristics
PD-1 and/or PD-L1 scores were obtained from 165 male breast cancer and 246 female breast cancer patients. Baseline clinicopathologic characteristics are shown in Table 1 . Compared to women, men with breast cancer were significantly older (66 vs. 58 years), had smaller tumors (2.3 vs. 2.6 cm), and presented more often with ductal cancers (97.6 vs. 91.4%) with a luminal surrogate intrinsic molecular subtype (94.5 vs. 82.1%).
PD-1 and PD-L1 Expression
Expression of PD-1 on lymphocytes, scored as positive or negative ( Fig. 1) , was significantly different between male and female breast cancer, with less PD-1 positivity on TILs in tumors of men with breast cancer (48.9 vs. 65.3%, p = 0.002).
Concerning PD-L1 staining ( Fig. 2 ), no significant differences were observed in the percentage of PD-L1-positive tumors between male and female breast cancers (using a 1% cutoff: 27.8 vs. 20.2%, p = 0.084; and using a 5% cut-off: 5.6 vs. 8.7%, p = 0.244). Due to the limited PD-L1-positive cases when using the 5% cut-off, we decided to use the 1% cut-off value for the comparison of male with female breast cancer in further analysis. PD-L1 expression on immune cells ( Fig. 2 ) scored as negative or positive showed no significant differences: 38.3% in male breast cancer and 43.6% in female breast cancer (p = 0.299; Table 2 ). Looking at the combined positive score (amount of PD-L1-positive cells including tumor cells, lymphocytes or macrophages in relation to the total amount of tumor cells), which is scored as < 1 or ≥ 1, it only showed that five female breast cancers and none of the male breast cancers had a score ≥ 1. For this reason, we did not take this score into account for further analyses. Table 3 . In male breast cancer, PD-L1 expression in tumor and immune cells was concordant in 71% (115/162) of the patients, while in 15/ 162 (9.3%), PD-L1 was positive on tumor cells but negative on immune cells. In addition, in 32/162 (19.2%), PD-L1 was negative on the tumor cells, while immune cells were positive (p < 0.001). In female breast cancer, PD-L1 expression in tumor and immune cells was concordant in 66.4% (145/218) of the patients, while in 11/218 (5.0%), PD-L1 was positive on tumor cells but negative on immune cells. Lastly, in 62/218 (28.4%), PD-L1 was negative on the tumor cells, while immune cells were positive (p < 0.001). In a subgroup analysis, PD-1 was significantly more often positive in grade 3 tumors, in both male and female breast cancer. In men, PD-1 expression was also significantly correlated with larger tumors (> 2.0 cm) and positive lymph node status, while in female breast cancer, PD-1 expression was also correlated with ER-negative tumors, HER2-positive tumors, and more aggressive molecular subtypes (because of small subgroups, we compared luminal subtype to a combined group with HER2-driven and TNBC) ( Table 4 ).
The comparison between expression of PD-L1 on tumor cells and immune cells is shown in
Concerning PD-L1 expression on tumor cells in male breast cancer, we only found a correlation between PD-L1 and grade 3 tumors. In women, we did not observe a correlation with tumor grade, but did observe associations of PD-L1 with ER and PR negativity and a more aggressive surrogate molecular subtype (Table 5 ). In regard to PD-L1 expression on immune cells, we did not find correlations with any of the selected clinicopathological variables in male breast cancer. In female breast cancer, similar to tumor PD-L1 expression, the immune cell PD-L1 expression was associated with ER and PR negativity and a more aggressive surrogate molecular subtype (Table 5 ). Furthermore, immune cell PD-L1 positivity was more often observed in grade 3 tumors compared to lower grade tumors. . PD-1 and PD-L1 expression on tumor and immune cells did not correlate significantly with OS in either male or female breast cancer patients ( Fig. 3) . Also, in a multivariate analysis (including age, tumor size (≤ 2.0 cm or > 2.0 cm), tumor grade (3 vs. 1 or 2) and lymph node status), PD-1 and PD-L1 expression, both on tumor and immune cells, showed no prognostic value for OS in male and female breast cancer.
Survival Analysis
Since we observed correlations of PD-1 and PD-L1 with some of the selected clinicopathological variables in the subgroup analysis, we also evaluated if combinations of these variables with PD-1 or PD-L1 showed prognostic values. In men, this was not the case, while in women, the combination of PD-L1 on tumor cells with tumor grade and PD-L1 on immune cells with ER status showed prognostic values, both in a univariate (p = 0.029 and p = 0.007) and multivariate analysis (including age, tumor size (≤ 2.0 cm or > 2.0 cm), tumor grade (3 vs. 1 or 2) and lymph node status), p = 0.021 and p = 0.012 ( Fig. 4 ). Patients with grade 3 tumors that were tumor PD-L1-negative showed a tendency to have the worst OS, while patients with grade 3/tumor PD-L1-positive tumors seemed to have similar survival as patients with low grade tumors (10-year OS 54 vs. 77%, p = 0.063). Additionally, patients with ER-negative tumors that were immune cell PD-L1-negative had a significantly worse OS compared to patients with ER-negative but PD-L1positive tumors (10-year OS 46 vs. 69%, p = 0.015). The aim of this study was to evaluate PD-1 and PD-L1 expression in male breast cancer, compare their expression frequency to that of female breast cancer, and compare prognostic values in both populations.
We demonstrated a significantly lower frequency of PD-1 expression in male breast cancer compared to female breast cancer. In the literature, PD-1 expression has been associated with ER and PR negativity [10, 13, 26] , and with TNBC [13, 27] . In this study, almost 94% of the male tumors were of the luminal subtype, while in the female group around 83% of the tumors were luminal, which is concordant with the literature [28, 29] . Additionally, male breast cancers may have fewer TILs, according to the finding by Loi et al. stating that luminal breast cancers have fewer tumor-infiltrating lymphocytes (TILs) in comparison with triple-negative and HER2positive breast cancers [30] . In addition to this finding, a low amount of TILs in male breast cancer has already been reported at a conference [31] . Together, this might explain the lower PD-1 expression level we found in tumors of men with breast cancer compared to women. Furthermore, PD-1 expression in both genders was associated with a higher tumor grade and, in men, this was associated with a larger tumor size. This finding conforms to previously published data [10, 13, 26] .
For PD-L1 expression, no significant gender-specific difference was observed. In the subgroup analysis for male breast cancer, we have only found a correlation between PD-L1 on tumor cells and grade 3 tumors. In female breast cancer, we observed that PD-L1 expression in tumor and immune cells was associated with ER/PR negativity and a worse surrogate molecular subtype. Additionally, PD-L1 on immune cells was also correlated to grade 3 tumors. These associations are in agreement with the literature, since several previous studies have also described correlations between PD-L1 and unfavorable clinicopathological variables, including larger tumor size, higher grade, ER-and PR-negative tumors, aggressive molecular subtype, positive lymph nodes, and lymphovascular invasion [7-9, 11, 12, 27, 32-34] .
In the overall survival analysis, no significant prognostic value was observed for PD-1 and PD-L1 on tumor and immune cells in either male and female breast cancer. In the published literature, the prognostic value of PD-1 and PD-L1 in female breast cancer is equivocal, since previous studies have described different outcomes. In two studies, PD-1 was associated with worse OS and/or DFS [10, 13] , but only one persisted significantly after correcting for covariates in multivariate analysis [10] . For PD-L1, some studies described a correlation between expression and worse survival [8, 11] , while others observed better survival in PD-L1expressing tumors [7] . In addition, other studies have demonstrated better survival in tumor and immune PD-L1-positive cancers [34] , while two other studies did not find a correlation between PD-L1 and survival [33, 35] as we did. Furthermore, some studies only reported an association between PD-L1 and survival for the basal subtype, again with contradictory results [9, 12] .
In the subgroup analysis, we observed significant prognostic values for tumor PD-L1 combined with tumor grade (grade 3 vs, 1 or 2) and immune PD-L1 combined with ER status in female breast cancer. In the corresponding survival curves, we noticed a tendency for patients with grade 3/PD-L1-negative tumors to have worse OS than patients with grade 3/tumor PD-L1-positive, or lower grade tumors. Additionally, patients with ER-negative/ immune PD-L1-negative tumors had a significantly worse OS compared to ER-negative/immune PD-L1-positive, or ERpositive patients. Although correlations with PD-L1 and higher tumor grade and ER negativity have been described before [7-9, 11, 12, 26, 32-34] , as far as we know, no earlier studies have combined receptor status with the survival analysis.
Comparison of the literature on PD-1 and PD-L1 expression remains difficult since there are many different antibodies in use, which were unfortunately not always properly validated. This has led to a wide variation of expression values, ranging from 15.8 to 91.3% for PD-1 [10, 13, 26, 27] and from 1.7 to 66% for PD-L1 [7-9, 11, 21, 26, 27, 32-35] . At the same time, there is no standardized method for scoring. Avariety of cut-off values have been [36] . This is something we have also observed in our cohort for PD-L1, comparing a 1% cut-off to a 5% cut-off. In addition, PD-L1 is expressed both on tumor cells and immune cells, and while most studies only scored expression on tumor cells, some also reported the percentage of PD-L1-positive immune cells as we did [33, 34, 36] . This indicates that further standardization in laboratory and scoring methods is important. To evaluate PD-1 and PD-L1 expression, we used TMAs. This may be a limitation since PD-1 and PD-L1 expression is thought to be heterogeneous. This is the rationale for why we took three cores per FFPE donor block representing different tumor areas. We compared PD-L1 expression in tumors of ten patients on TMA and whole slides and noticed that, in half of the cases, these were in complete agreement, while for the other half, only minimal differences were found. This indicates that our TMAs were sufficiently representative. Furthermore, due to the scarcity of male breast cancer, we had a relatively small cohort of male patients, providing limitations for subgroup analyses.
To conclude, PD-1 expression is less often positive in male breast cancer compared to female breast cancer, while PD-L1 expression is comparable between the two groups. Although PD-1 and PD-L1 are not definite indicators for good or bad responses, male breast cancer patients may respond differently to checkpoint immunotherapy with PD-1 inhibitors than female patients. Additionally, we observed that both female breast cancer patients with grade 3 tumors and lack of tumor PD-L1 expression and patients with ER-negative/immune PD-L1-negative breast tumors have a worse overall survival outcome compared to the PD-L1-positive patients. 
